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Abstract 
Fruit and vegetable intake (FVI) contributes to the prevention of non-communicable diseases. 
Although food preference is considered to be determined early in life, few studies have investigated 
the association between childhood socioeconomic status (SES) and FVI in older age. Because a 
school lunch program was initiated in Japan after World War II, we were able in this study to 
examine this association in an older Japanese population. We used data from a population of 
physically and cognitively independent adults aged 65 years or older who were living independently 
in the community and were recruited from 27 municipalities in the Japan Gerontological Evaluation 
Study 2010 project (August 2010-January 2012). Three categories of childhood SES (low, middle, 
and high) and current FVI were evaluated via a self-reported questionnaire. Poisson regression was 
used to investigate the association between childhood SES and FVI in 19,920 individuals. After 
adjustment for age and sex, older people with low childhood SES were 1.36 times more likely (95% 
CI 1.23-1.52) to have poor FVI than those with high childhood SES. In the fully adjusted model, the 
significant association disappeared. Further age-stratified analysis revealed a positive association 
between childhood SES and FVI among people aged 70-76 years who were partially exposed to the 
school lunch program, but not among people aged 65-69 years old who were fully exposed to the 
program. In conclusion, social policy such as school lunches targeting children with low SES could 
help improve FVI in old age.  
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1. Introduction 
Fruit and vegetable intake (FVI) is an important modifiable factor that reduces the risk 
of chronic disease and all-cause mortality in older people (Lo et al., 2012). Although in 
general older people tend to consume more fruit and vegetables than younger people, those in 
Japan do not reach the recommended amount of FVI (Ministry of Health, Labour and Welfare, 
2015). To increase FVI, it is important to identify the factors associated with FVI in older 
populations (Nicklett and Kadell, 2013). 
In previous studies, socioeconomic status (SES) was identified as a “cause of cause” 
(Rose, 1992) of FVI. That is, FVI was associated with family characteristics (Kamphuis et al., 
2006), nutritional knowledge (Havas et al., 1998; Wardle et al., 2000), and self-efficacy 
(Shaikh et al., 2008; Watters et al., 2007), which were all determined by SES (Parmenter et 
al., 2000; Skardal et al., 2014; Yuan et al., 2014). Previous studies have shown a positive 
association between adult SES and FVI in from European (Giskes et al., 2010; Irala-Estevez 
et al., 2000) to Asian countries, including Japan (Hong et al., 2012; Nakamura et al., 2016). 
Childhood SES can be directly associated with FVI in later life because food preferences 
(Birch, 1999) and healthy food choices (Kelder et al., 1994) are determined in early life 
(Scaglioni et al., 2008), and childhood SES shows a strong link with adult SES (Galobardes 
et al., 2006a, b). The FVI of children and adolescents has been associated with family 
environment factors (Pearson et al., 2009). Thus, childhood SES can explain in part the 
association between adult SES and FVI. Few previous studies have investigated the 
association between childhood SES and FVI, although childhood SES was found to be 
positively associated with FVI in older population in the UK (Atkins et al., 2015; Watt et al., 
2009). 
The school environment is another factor of food preference development during 
  
childhood (French and Stables, 2003; Rasmussen et al., 2006). For example, participation in 
school lunch programs enhanced FVI in children in Finland (Baranowski et al., 1997) and the 
US (Ohri-Vachaspati et al., 2012), and free or discounted lunch programs contributed to 
increasing fruit intake or FVI, especially among low SES children in Norway (Overby et al., 
2012) and the US (Robinson-O'Brien et al., 2010; Slusser et al., 2007). Thus, school lunches 
might help bridge the healthy food gap between low and high SES children. 
In Japan, people experienced extreme food shortages and malnutrition after the end of 
World War II (WWII) (Fujiwara et al., 2014; Yoshimura et al., 2005). Accordingly, the 
General Headquarters of the Allied Powers, which governed Japan immediately after WWII 
until 1952, implemented various reforms to democratize Japan, including farmland reform, 
educational reform, and dissolution of the zaibatsu (industrial conglomerates). These changes 
affected the food choices of the Japanese population with the introduction of bread and meat 
into the diet. In addition, a school lunch program was launched (Tanaka and Miyoshi, 2012) 
and, given that the effect of food intake in childhood persists into adulthood (Birch, 1999), 
this program is likely to have direct effects on life-long lasting food preferences. Because the 
people who attended elementary school before the end of WWII did not experience the new 
school lunch program, we may use this demographic of older people to test the hypothesis of 
whether school lunch programs might have mitigated the association between low childhood 
SES and poor FVI.  
The purpose of this study was to (1) examine the association of childhood SES and 
current frequency of FVI in old age among the Japanese population and (2) compare this 
association in subgroups stratified by age to consider the interaction effect of the school lunch 
program on this association. 
 
2. Methods 
  
2.1. Data and subjects 
The subjects of this study were participants of The Japan Gerontological Evaluation 
Study (JAGES) in 2010 (Kondo, 2016). They were community-dwelling people aged 65 
years or older in 27 municipalities in 11 of the 47 prefectures in Japan and who were not 
receiving public long-term care insurance benefits. A self-reported questionnaire was 
distributed by postal mail to 160,382 eligible subjects between August 2010 and January 
2012. The questionnaire had five modules, and each module was sent randomly to one-fifth 
of the participants. A total of 106,460 people responded to the survey (response rate, 66.4%). 
Among the 98,229 questionnaires that could be analyzed, 23,320 participants had been asked 
about childhood socioeconomic circumstances. In the present study, we excluded respondents 
who needed help for daily living (n=1,009) and those with missing values for the two items 
of childhood SES data and frequency of FVI (n=2,391). Finally, data of 19,920 individuals 
(9,187 men and 10,733 women) were available for analysis in this study. 
The new national school lunch program was announced in December 1946 and launched 
in 1947, two years after the end of WWII (Tanaka and Miyoshi, 2012). Introduced as part of 
the elementary educational system, the program provided lunch to all children between the 
ages of about six and 12 years attending school. After commencement of the program, 
children’s mean height and weight started to increase again (Ministry of Education, 1953; 
Kagawa et al., 2011). The program was launched in eight large cities and gradually spread 
across Japan. The study protocol for the JAGES project was approved by the Ethics 
Committee of Nihon Fukushi University (No. 10-05). 
 
2.2. Fruit and vegetable intake 
Frequency of current FVI was assessed using a seven-point Likert scale for the question 
“How often did you eat fruit and vegetables over the past month?”, with the following 
  
response items: “twice or more daily”, “once daily”, “four to six times a week”, “two or three 
times a week”, “once a week”, “less than once a week”, and “not at all”. We collapsed the 
FVI variable to a dichotomized variable in accordance with previous studies (Atkins et al., 
2015; Osler et al., 2008), namely, “at least daily” (“twice or more daily” and “once daily”) 
and “less than daily” (“four to six times a week”, “two or three times a week”, “once a week”, 
“less than once a week”, and “not at all”). The cutoff point was derived from a previous study 
that showed a protective effect on stroke and cerebral infarction in Japan (Sauvaget et al., 
2003). It is also based on the recommended daily intake of fruit and vegetable by the 
Japanese government (Ministry of Health, Labour and Welfare, 2016). 
 
2.3. Childhood SES 
Childhood SES data were obtained using a five-point Likert scale questionnaire for the 
question “How do you rate your social status when you were aged 15 years in comparison 
with standards at that time?” Possible answers were “high”, “middle-high”, “middle”, 
“middle-low”, and “low”. For example, a 65-year-old subject in 2010 would recall childhood 
circumstances in 1960 when they were 15 years old. Childhood SES was assessed 
subjectively and retrospectively, a method that has been validated using siblings’ data (Ward, 
2011). Moreover, the subjective SES of childhood has shown a good correlation with adult 
height (proxy of childhood nutrition) or home ownership (Fujiwara et al., 2014; Tani et al., 
2016b). We categorized the answers into three groups, “high” (including high and 
middle-high), “middle”, and “low” (including middle-low and low), to reflect the sample size 
of each category (Fujiwara et al., 2014; Tani et al., 2016a; Tani et al., 2016b). 
 
2.4. Covariates 
Covariates including demographics, childhood environment, and other current 
  
socioeconomic and social characteristics were assessed using the self-reported questionnaire. 
Each category of covariates is described in detail in Table 2. Age was used as a continuous 
variable for adjustment. Family home ownership (Galobardes et al., 2004) at age 15 years and 
current height were used to reflect childhood circumstances because adulthood height can be 
used as a proxy of childhood nutritional status and living conditions (Silventoinen, 2003). 
Height was categorized into five groups for each sex as shown in Tables 1 and 2 (Fujiwara et 
al., 2014). Educational attainment was categorized into three groups by years of schooling. 
Covariates of adult SES included current equivalized annual household income, which 
reflects current old-adult SES, and type of longest held occupation, which reflects 
middle-adult SES. Occupations were categorized into three groups: non-manual (professional, 
technical, or managerial work), manual (clerical, sales/service, skilled/labor or 
agriculture/forestry/fishery workers, or other), and no occupation (Yamamoto et al., 2014). 
Health behavior included smoking status and alcohol intake. Health status included current 
medical treatment, limitation in higher-level functional capacity assessed by the Tokyo 
Metropolitan Institute of Gerontology Index of Competence (Koyano et al., 1991), and body 
mass index (BMI), which was categorized into three groups (Research Committee for Obesity, 
2000). Current social relationship included frequency of social interaction with 
friends/acquaintances and three categories of marital and living status, because marital status 
and living status are associated with FVI and better diet quality (Atkins et al., 2015; Nicklett 
and Kadell, 2013): marital status and living status—married and living with someone; 
widowed/divorced/unmarried/other and living with someone; and living alone in any marital 
status. Perceived access to fresh fruit and vegetable stores in the neighborhood was classified 
into three groups. Any missing values in the responses were categorized in a separate missing 
category for each item in the analysis. 
 
  
2.5. Statistical analyses 
To avoid overestimation with logistic regression (Barros and Hirakata, 2003; Coutinho et 
al., 2008), Poisson regression with robust variance was used to investigate the association 
between childhood SES and current FVI because the prevalence of low FVI was more than 
10% (Khang et al., 2008). The data were analyzed with male and female data combined in the 
sex-adjusted model because the interaction between childhood SES and sex was not 
statistically significant (p=0.11). Model 1 was an age- and sex-adjusted model, Model 2 was 
additionally adjusted for childhood circumstances (height and family home ownership at age 
15), Model 3 was further adjusted for education, Model 4 was further adjusted for adulthood 
SES (type of longest-held occupation and current annual household income), and Model 5, 
the final model, was additionally adjusted for health behaviors (smoking status and alcohol 
intake), health status (BMI, presence of current medical treatment, and limitation in 
higher-level functional capacity), current social relationship (living family status and 
frequency of social interaction), and perceived access to fresh fruit and vegetable stores. 
Furthermore, to identify potential mediators (i.e. school lunch program) of the association 
between childhood SES and FVI, we defined the younger group aged 65-69 years as 
“exposed” to the new school lunch program, and the oldest group aged 77 years and over as 
“not exposed”. The group aged 70-76 years was regarded as “partially exposed”, following an 
economic analysis strategy (Bleakley, 2007, 2010; Douglas Almond, 2006), although 
interaction term of childhood SES and age was non-significant (p=0.53). To adjust potential 
selection bias between “exposed” and “not exposed” group, we compared them using 
propensity score matching using sex, height, education, childhood SES at 15 years old, 
family home ownership at 15 years old, number of sibling, place of living municipality, years 
of living the municipality as predictor of the exposure of lunch program as sensitivity 
analysis. Further, supplemental subgroup analysis was conducted among the partially 
  
exposed group and those living in the same city for more than 50 years, stratifying 
participants who had lived in large cities where the program started earlier (i.e., Kobe and 
Nagoya) and those who had lived in other municipalities. All analyses were performed using 
STATA v13 (Stata Corporation). 
 
3. Results 
Table 1 shows the demographics and socioeconomic characteristics of all subjects and 
those stratified by age. Overall, participants were aged 65-101 years, with a median age of 73 
years (range, 36 years), 53.9% were female, 70.9% were married, and 46.4% had less than 10 
years of education. Twenty percent of the participants reported less than daily FVI. Compared 
with their counterparts in the youngest group, the subjects in the oldest group were more 
likely to be female, were shorter, had a lower BMI, were less educated, were less likely to 
have had a non-manual occupation as the longest-held occupation, were less likely to be 
current drinkers and smokers, were more likely to be widowed, were more likely to be living 
alone, and were more likely to consume fruit and vegetables. Characteristics stratified by 
childhood SES are shown in Table 2. There were 2,736 subjects in the high childhood SES 
group (13.7%), 8,430 in the middle group (42.3%), and 8,754 in the low group (43.9%). 
Table 3 shows the prevalence ratio (PR) of childhood SES for FVI less than daily in the 
overall and age-stratified subgroups. In the sex- and age-adjusted Model 1 for all subjects, 
those with low childhood SES were 1.36 times (95% confidence interval [CI] 1.23-1.52) less 
likely to consume fruit and vegetables than those with high childhood SES. After adjustment 
for childhood circumstances and education (Model 3), the PR was reduced to 1.14 (95% CI 
1.02-1.27), and the significant association of the middle SES group disappeared. In the fully 
adjusted Model 5, neither PR was significant. 
As for age-stratified analysis, the association was statistically significant in the middle 
  
group aged 70-76 years and the oldest group aged 77 years or older (both p<0.001). The sex- 
and age-adjusted PR of the individuals with low childhood SES in the oldest group was 1.44 
(95% CI 1.21-1.72). With adjustment for education (Table 3, Model 3), the significant 
differences among the oldest group disappeared. In contrast to these two groups, no 
significant association was found in the 65-69 years old group (Table 3, Model 1). We 
confirmed the association using propensity score matching sample, that it, positive 
association among “not exposed” (PR=1.32, 95% CI: 1.01-1.74) and no association among 
“exposed” (PR=1.13, 95% CI: 0.90-1.40) were observed. 
Further supplemental subgroup analysis was performed on the group aged 70-76 years 
who answered that they had been living in the same municipality for 50 years or more; one 
group consisted of those who had lived in large cities where the program was introduced 
(exposed group), and the other consisted of those who had lived in other municipalities where 
the program was not introduced (non-exposed group). Although we found a marginally 
significant association among non-exposed group (p=0.08), the association was 
non-significant between childhood SES and FVI for both among exposed group (PR=0.98, 
95% CI: 0.63-1.53) and non-exposed group (PR=1.30, 95% CI: 0.98-1.74), (Supplementary 
Table 1).  
 
4. Discussion 
On the whole, childhood SES was positively associated with current frequency of FVI in 
Japanese older people, which is consistent with the findings of previous studies in the UK 
(Atkins et al., 2015; Watt et al., 2009). The PRs of childhood SES for FVI less than daily 
were most attenuated by the addition of education in Model 3 (Table 3), suggesting that this 
association might be partly mediated through education. Previous work supports this 
explanation, with education as the most important factor promoting FVI among Danish adults 
  
(Groth et al., 2001; Osler et al., 2008). 
Childhood SES can be directly associated with the health behavior of older people 
because low childhood SES was shown to be directly associated with functional limitations in 
older age (Fujiwara et al., 2014). Their limitations meant that they could not purchase or cook 
vegetables. In addition, the lower SES children also had parents with lower SES who might 
not have acted as positive role model of healthy eating and behavior (Pearson et al., 2009). 
Furthermore, they may have poor cooking skills, which can be negatively associated with 
balanced food choices, including FVI (Hartmann et al., 2013). Poorly educated people may 
lack nutrition knowledge (Parmenter et al., 2000), which would be associated with low FVI 
(Giskes et al., 2004; Wardle et al., 2000). Those who achieve a high level of education can 
apply their knowledge on nutrition to their daily behavior, such as choosing to eat vegetables 
(Pampel et al., 2010). A lower childhood SES may lead to a lower income through lower 
educational attainment. Low income would be related to purchasing behavior, such as 
choosing unhealthful foods, via dietary knowledge and the concern that healthy food is 
expensive (Turrell and Kavanagh, 2006). 
In this study, we found that participants aged 65-69 years who can be considered to be 
exposed to the school lunch program showed no association between childhood SES and FVI, 
whereas those aged 77 years or older, who can be considered not to have been exposed to the 
program, showed positive association in the crude model, but the significance disappeared 
after additional adjustment for education. Similar association was observed among those who 
lived in other municipalities (where school lunch was not introduced) in age and sex adjusted 
model, while no association was observed among those who lived in large cities (Kobe and 
Nagoya) where school lunch was introduced. These findings suggest that school lunch 
program might mitigate the association between low childhood SES and poor FVI. 
Alternatively, other unmeasured age-cohort or neighborhood environment might be 
  
associated with the differential association between childhood SES and FVI. 
Our findings suggest that school lunch program may partly reduce the association of low 
childhood SES with poor FVI. The possible reasons are as follows. First, even individuals 
with low childhood SES were able to have a nutritious lunch and improve their health status, 
which had been affected by food shortages and malnutrition during and after WWII 
(Gakkoukyoushoku-Juugoshuunenkinenkai, 1962a). Good nutritional status in childhood 
might reduce functional limitations in older age, and healthy dietary habits might have been 
instilled in the children. Second, knowledge on nutrition and on how to improve the 
unbalanced diets of children and unhealthy practices could be increased via the educational 
effects of the school lunch program (Gakkoukyoushoku-Juugoshuunenkinenkai, 1962b; 
Negishi, 1980). Third, family members of children participating in the school meal program 
had the opportunity to learn about nutrition and dietary habits from their children 
(Gakkoukyoushoku-Juugoshuunenkinenkai, 1962b; Negishi, 1980). The children could have 
the role model, even those with low SES. Lastly, children’s self-efficacy and sociability could 
be increased by eating a nutritious lunch in the classroom with their friends (Hendy et al., 
2005; Rasmussen et al., 2006; Shaikh et al., 2008). 
The school setting is important for children (Rasmussen et al., 2006; Story et al., 2008), 
and previous studies have shown the positive impact of school food, including lunch and 
breakfast, on fruit intake and FVI among low SES children (Overby et al., 2012; 
Robinson-O'Brien et al., 2010; Slusser et al., 2007). School food can reduce differences in 
FVI based on SES, such as income disparities (Longacre et al., 2014), which is consistent 
with current findings. Because food preference is considered to be determined early in life 
(Birch, 1999), such childhood experiences may promote healthy eating habits in later life. In 
addition, the food preferences of Japanese adults who were provided school lunch in their 
childhood were affected by the inclusion of vegetables in the school lunch menu (Saito, 
  
1983). These findings suggest the possible effect of school lunches throughout life and may 
also support our hypothesis. 
To the best of our knowledge, this is the first study to evaluate the association between 
childhood SES and current FVI among older Japanese, and show the possible effect of school 
lunches on FVI persisting into older age, regardless of childhood SES. In addition, the 
strength of our study was its large sample size that involved individuals across Japan. 
This study has several limitations. First, childhood SES was assessed retrospectively due 
to the cross-sectional design and self-reported method. Recall bias is possible, which might 
differ according to certain individual characteristics, and might be higher among subjects in 
the older group. Second, current height, used as a proxy for nutritional status in childhood, 
was self-reported. We treated it as a categorical variable to minimize misclassification, which 
could lead to errors. Third, non-responses to questions about childhood SES were excluded 
from this study. However, in our data, those subjects who did not respond to childhood SES 
questions were likely to have lower FVI, suggesting that our results underestimated the 
association. Fourth, the results cannot be applied to other populations because participants 
were not collected based on random sampling of Japanese older population. Finally, it was 
unclear which subjects received school lunch in childhood, and when each of them started 
having school lunch, because data on the school lunch experience were not included in the 
survey. Such data with exact exposure of the school lunch program should be examined in the 
future to verify the robustness of the association. 
 
5. Conclusions 
We found that older Japanese individuals with a lower childhood SES were more likely 
to have lower FVI, and that this association was partly mediated through education. Further, 
the association was stronger among those who can be considered not to have experienced the 
  
school lunch program. The provision of education on nutrition through a school lunch 
program seemed to help improve the FVI of older people. 
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Table 1. Characteristics of all participants (N=19,920) and those stratified by age 
   Total  Subgroups (years old)   
  (n=19,920) 65-69 
(n=5,943) 
70-76 
(n=6,866) 
≥77 
(n=7,111) 
  N % N % N % N % 
Sex         
 Male 9,187 46.1  2,838 47.8  3,198 46.6  3,151 44.3  
 Female 10,733 53.9  3,105 52.2  3,668 53.4  3,960 55.7  
Height
a 
        
 Short 2,111 10.6  263 4.4  554 8.1  1,294 18.2  
 Middle-short 4,601 23.1  1,124 18.9  1,516 22.1  1,961 27.6  
 Middle 6,527 32.8  2,041 34.3  2,418 35.2  2,068 29.1  
 Middle-tall 4,257 21.4  1,638 27.6  1,588 23.1  1,031 14.5  
 Tall 1,795 9.0  805 13.5  633 9.2  357 5.0  
 Missing 629 3.2  72 1.2  157 2.3  400 5.6  
BMI (kg/m
2
)         
 <18.5 1,361 6.8  286 4.8  416 6.1  659 9.3  
 18.5-24.9 13,643 68.5  4,230 71.2  4,688 68.3  4,725 66.4  
 ≥25 4,170 20.9  1,333 22.4  1,568 22.8  1,269 17.8  
 Missing 746 3.7  94 1.6  194 2.8  458 6.4  
Family home ownership at age 15        
 Yes 15,901 79.8  4,741 79.8  5,477 79.8  5,683 79.9  
 No 3,812 19.1  1,171 19.7  1,331 19.4  1,310 18.4  
 Missing 207 1.0  31 0.5  58 0.8  118 1.7  
Subjective socioeconomic status at age 15      
 High, Middle-high 2,736 13.7  679 11.4  920 13.4  1,137 16.0  
 Middle 8,430 42.3  2,490 41.9  2,826 41.2  3,114 43.8  
 Middle-low, Low 8,754 43.9  2,774 46.7  3,120 45.4  2,860 40.2  
Education (years)         
 <10 9,250 46.4  2,309 38.9  3,105 45.2  3,836 53.9  
 10-12 6,905 34.7  2,381 40.1  2,463 35.9  2,061 29.0  
 ≥13 3,347 16.8  1,194 20.1  1,184 17.2  969 13.6  
 Other 123 0.6  22 0.4  43 0.6  58 0.8  
 Missing 295 1.5  37 0.6  71 1.0  187 2.6  
Type of longest-held occupation        
 Non-manual 4,077 20.5  1,445 24.3  1,450 21.1  1,182 16.6  
 Manual 12,147 61.0  3,811 64.1  4,206 61.3  4,130 58.1  
 No occupation 1,018 5.1  174 2.9  312 4.5  532 7.5  
 Missing 2,678 13.4  513 8.6  898 13.1  1,267 17.8  
Equivalized annual household income (million yen)     
 Low (< 2.00) 8,155 40.9  2,376 40.0  2,991 43.6  2,788 39.2  
 Middle (2.00-3.99) 6,385 32.1  2,191 36.9  2,205 32.1  1,989 28.0  
 High (≥4.00) 1,884 9.5  720 12.1  582 8.5  582 8.2  
 Missing 3,496 17.6  656 11.0  1,088 15.8  1,752 24.6  
  
Alcohol         
 Non-drinker 12,017 60.3  3,139 52.8  4,111 59.9  4,767 67.0  
 Ex-drinker 664 3.3  172 2.9  212 3.1  280 3.9  
 Current drinker 6,916 34.7  2,581 43.4  2,454 35.7  1,881 26.5  
 Missing 323 1.6  51 0.9  89 1.3  183 2.6  
Smoking status         
 Never 11,186 56.2  3,187 53.6  3,904 56.9  4,095 57.6  
 Ex-smoker 5,473 27.5  1,704 28.7  1,860 27.1  1,909 26.8  
 Current smoker 2,081 10.4  853 14.4  721 10.5  507 7.1  
 Missing 1,180 5.9  199 3.3  381 5.5  600 8.4  
Current medical treatment         
 Receiving some 
treatment 
13,786 69.2  3,727 62.7  4,747 69.1  5,312 74.7  
 Not receiving any 
treatment 
4,688 23.5  1,897 31.9  1,617 23.6  1,174 16.5  
 Missing 1,446 7.3  319 5.4  502 7.3  625 8.8  
Limitations in higher-level functional capacity      
 No limitation 7,952 39.9  2,851 48.0  2,911 42.4  2,190 30.8  
 Having limitation 10,398 52.2  2,850 48.0  3,516 51.2  4,032 56.7  
 Missing 1,570 7.9  242 4.1  439 6.4  889 12.5  
Marital status         
 Married 14,122 70.9  4,846 81.5  5,123 74.6  4,153 58.4  
 Widowed 4,392 22.0  646 10.9  1,246 18.1  2,500 35.2  
 Divorced 598 3.0  225 3.8  229 3.3  144 2.0  
 Unmarried 389 2.0  137 2.3  131 1.9  121 1.7  
 Other 123 0.6  41 0.7  40 0.6  42 0.6  
 Missing 296 1.5  48 0.8  97 1.4  151 2.1  
Living status         
 Alone 2,383 12.0  515 8.7  790 11.5  1,078 15.2  
 With someone 17,125 86.0  5,359 90.2  5,943 86.6  5,823 81.9  
 Missing 412 2.1  69 1.2  133 1.9  210 3.0  
Frequency of meeting friends/acquaintances     
 ≥1/month 14,091 70.7  4,275 71.9  5,028 73.2  4,788 67.3  
 <1/month 4,518 22.7  1,394 23.5  1,446 21.1  1,678 23.6  
 Missing 1,311 6.6  274 4.6  392 5.7  645 9.1  
Access to fresh fruit and vegetable stores      
 Easy 14,386 72.2  4,351 73.2  5,109 74.4  4,926 69.3  
 Difficult 4,854 24.4  1,455 24.5  1,582 23.0  1,817 25.6  
 Unknown 230 1.2  51 0.9  55 0.8  124 1.7  
 Missing 450 2.3  86 1.4  120 1.7  244 3.4  
Frequency of vegetables and fruit consumption      
 At least daily 15,942 80.0  4,633 78.0  5,501 80.1  5,808 81.7  
 Less than daily 3,978 20.0  1,310 22.0  1,365 19.9  1,303 18.3  
  
a
 Height: Short, Male < 155 cm, Female <145 cm; Middle-short, Male 155-159.9 cm, Female 
145-149.9 cm; Middle: Male 160-164.9 cm, Female 150-154.9 cm; Middle-tall, Male 
165-169.9 cm, Female 155-159.9 cm; Tall, Male ≥ 170 cm, Female ≥ 160 cm 
  
  
Table 2. Characteristics of the participants by childhood SES (N=19,920) 
  High 
(n=2,736) 
Middle 
(n=8,430) 
Low 
(n=8,754) 
  N % N % N % 
Sex        
 Male 888 32.5  3,516 41.7  4,783 54.6  
 Female 1,848 67.5  4,914 58.3  3,971 45.4  
Height
a 
      
 Short 248 9.1  852 10.1  1,011 11.5  
 Middle-short 601 22.0  1,980 23.5  2,020 23.1  
 Middle 922 33.7  2,758 32.7  2,847 32.5  
 Middle-tall 608 22.2  1,810 21.5  1,839 21.0  
 Tall 285 10.4  762 9.0  748 8.5  
 Missing 72 2.6  268 3.2  289 3.3  
BMI (kg/m
2
)       
 < 18.5 229 8.4  599 7.1  533 6.1  
 18.5-24.9 1,892 69.2  5,814 69.0  5,937 67.8  
 ≥ 25 519 19.0  1,703 20.2  1,948 22.3  
 Missing 96 3.5  314 3.7  336 3.8  
Family home ownership at age 15     
 Yes 2,530 92.5  7,169 85.0  6,202 70.8  
 No 177 6.5  1,175 13.9  2,460 28.1  
 Missing 29 1.1  86 1.0  92 1.1  
Education (years)       
 <10 682 24.9  3,497 41.5  5,071 57.9  
 10-12 1,145 41.8  3,249 38.5  2,511 28.7  
 ≥13 838 30.6  1,505 17.9  1,004 11.5  
 Other 25 0.9  52 0.6  46 0.5  
 Missing 46 1.7  127 1.5  122 1.4  
Longest-held occupation      
 Non-manual 585 21.4  1,706 20.2  1,786 20.4  
 Manual 1,480 54.1  5,062 60.0  5,605 64.0  
 No occupation 259 9.5  464 5.5  295 3.4  
 Missing 412 15.1  1,198 14.2  1,068 12.2  
Equivalized annual household income (million yen)   
 Low (< 2.00) 928 33.9  3,213 38.1  4,014 45.9  
 Middle 
(2.00-3.99) 
906 33.1  2,776 32.9  2,703 30.9  
 High (≥4.00) 417 15.2  860 10.2  607 6.9  
 Missing 485 17.7  1,581 18.8  1,430 16.3  
Alcohol       
 Non-drinker 1,816 66.4  5,353 63.5  4,848 55.4  
 Ex-drinker 57 2.1  248 2.9  359 4.1  
  
 Current drinker 807 29.5  2,694 32.0  3,415 39.0  
 Missing 56 2.0  135 1.6  132 1.5  
Smoking status       
 Never 1,747 63.9  5,038 59.8  4,401 50.3  
 Ex-smoker 570 20.8  2,060 24.4  2,843 32.5  
 Current smoker 240 8.8  782 9.3  1,059 12.1  
 Missing 179 6.5  550 6.5  451 5.2  
Current medical treatment      
 Receiving some 
treatment 
1,860 68.0  5,794 68.7  6,132 70.0  
 Not receiving 
any treatment 
655 23.9  2,017 23.9  2,016 23.0  
 Missing 221 8.1  619 7.3  606 6.9  
Limitations in higher-level functional capacity    
 No limitation 1,326 48.5  3,613 42.9  3,013 34.4  
 Having 
limitation 
1,212 44.3  4,140 49.1  5,046 57.6  
 Missing 198 7.2  677 8.0  695 7.9  
Marital status       
 Married 1,802 65.9  5,957 70.7  6,363 72.7  
 Widowed 763 27.9  1,899 22.5  1,730 19.8  
 Divorced 84 3.1  224 2.7  290 3.3  
 Single 37 1.4  163 1.9  189 2.2  
 Other 11 0.4  54 0.6  58 0.7  
 Missing 39 1.4  133 1.6  124 1.4  
Living status       
 Alone 381 13.9  984 11.7  1,018 11.6  
 With someone 2,296 83.9  7,271 86.3  7,558 86.3  
 Missing 59 2.2  175 2.1  178 2.0  
Marital and living status      
 Living with 
someone 
(married) 
1,764 64.5  5,852 69.4  6,221 71.1  
 Living with 
someone 
(widowed, 
divorced/unmar
ried/other) 
502 18.3  1,324 15.7  1,244 14.2  
 Living alone 
(any marital 
status) 
379 13.9  967 11.5  998 11.4  
 Missing 91 3.3  287 3.4  291 3.3  
Frequency of meeting friends/acquaintances   
 ≥1/month 2,064 75.4  6,113 72.5  5,914 67.6  
 <1/month 489 17.9  1,752 20.8  2,277 26.0  
 Missing 183 6.7  565 6.7  563 6.4  
Access to fresh fruit and vegetable stores    
  
 Easy 2,039 74.5  6,183 73.3  6,164 70.4  
 Difficult 609 22.3  1,971 23.4  2,274 26.0  
 Unknown 22 0.8  96 1.1  112 1.3  
 Missing 66 2.4  180 2.1  204 2.3  
Frequency of vegetables and fruit consumption    
 At least daily 2,325 85.0  6,847 81.2  6,770 77.3  
 Less than daily 411 15.0  1,583 18.8  1,984 22.7  
a
 Height: Short, Male < 155 cm, Female <145 cm; Middle-short, Male 155-159.9 
cm, Female 145-149.9 cm; Middle: Male 160-164.9 cm, Female 150-154.9 cm; 
Middle-tall, Male 165-169.9 cm, Female 155-159.9 cm; Tall, Male ≥ 170 cm, 
Female ≥ 160 cm 
 
  
Table 3. Prevalence ratios of childhood SES at age 15 for fruit and vegetable intake less than daily by Poisson regression analysis (N=19,920) and 
stratified by age group 
 
Childhood 
SES 
Model 1 Model 2 Model 3 Model 4 Model 5 
PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI) 
All participants High ref 
 
ref 
 
ref 
 
ref 
 
ref 
 
  (n=19,920) Middle 1.20  1.07-1.33 1.17  1.05-1.30 1.10  0.98-1.22 1.09  0.97-1.21 1.09  0.97-1.22 
  Low 1.36  1.23-1.52 1.29  1.16-1.44 1.14  1.02-1.27 1.12  1.00-1.25 1.09  0.97-1.22 
65-69 years old High ref 
 
ref 
 
ref 
 
ref 
 
ref 
 
  (n=5,943) Middle 0.97  0.80-1.17 0.94  0.78-1.14 0.87  0.72-1.06 0.86  0.71-1.04 0.87  0.72-1.06 
  Low 1.13  0.94-1.37 1.08  0.89-1.30 0.93  0.76-1.13 0.91  0.74-1.11 0.91  0.75-1.11 
70-76 years old High ref 
 
ref 
 
ref 
 
ref 
 
ref 
 
  (n=6,866) Middle 1.40  1.15-1.70 1.37  1.12-1.67 1.30  1.06-1.58 1.27  1.05-1.55 1.26  1.04-1.54 
  Low 1.54  1.27-1.87 1.45  1.19-1.77 1.31  1.07-1.60 1.26  1.03-1.54 1.20  0.98-1.47 
≥77 years old High ref 
 
ref 
 
ref 
 
ref 
 
ref 
 
  (n=7,111) Middle 1.24  1.04-1.48 1.21  1.01-1.45 1.13  0.94-1.35 1.13  0.94-1.36 1.13  0.94-1.35 
  Low 1.44  1.21-1.72 1.37  1.14-1.64 1.19  0.99-1.43 1.19  0.98-1.43 1.14  0.94-1.37 
PR, prevalence ratio; CI, confidence interval; SES, socioeconomic status 
Model 1: adjusted for age and sex 
Model 2: Model 1+adjusted for height, home ownership at age 15 
Model 3: Model 2+adjusted for education 
Model 4: Model 3+adjusted for adult SES (type of longest-held occupation, annual equivalized household income) 
Model 5: Model 4+adjusted for health behavior (alcohol consumption, smoking status), health status (BMI, current medical treatment, limitation in 
higher-level functional capacity), social relationships (marital living status, frequency of meeting friends/acquaintances), neighborhood environment 
(access to fresh fruit and vegetable market) 
 
 
  
Supplementary Table 1. Prevalence Ratio of Childhood SES at age 15 for fruit and vegetable intake less than daily by Poisson Regression 
analysis of 70-76 aged individuals who has been in same municipality for over 50 years (n = 4,289)  
 Childhood 
SES 
Model 1 
 
Model 2 
 
Model 3  
 
Model 4 
 
Model 5 
 
  PR （95% CI） PR （95% CI） PR （95% CI） PR （95% CI） PR （95% CI） 
Kobe and Nagoya High ref  ref  ref  ref  ref  
  (n =1,049) Middle  1.18  0.76-1.84 1.11  0.71-1.74 1.04  0.66-1.63 0.97  0.62-1.53 1.00  0.63-1.58 
70-76 years Low 0.98  0.63-1.53 0.92  0.58-1.46 0.82  0.51-1.32 0.78  0.48-1.26 0.77  0.47-1.26 
 p for 
Trend 
0.55   0.43   0.22   0.17   0.15   
other municipalities High ref  ref  ref  ref  ref  
   (n=3,240) Middle  1.22  0.91-1.63 1.20  0.90-1.61 1.17  0.87-1.56 1.14  0.85-1.53 1.09  0.81-1.46 
70-76 years Low 1.30  0.98-1.74 1.25  0.93-1.67 1.17  0.87-1.58 1.13  0.84-1.52 1.02  0.76-1.38 
 p for 
Trend 
0.08   0.19   0.41   0.59   0.79   
PR:prevalence ratio, CI:confidence interval, SES:socioeconomic status, p for Trend : p-value by Trend test 
Model 1: adjusted for age and sex  
Model 2: Model 1+adjusted for height, home ownership at age 15 
Model 3: Model 2+adjusted for education,  
Model 4: Model 3+adjusted for adult SES (type of longest-held occupation, annual equivalised household income),  
Model 5: Model 4+adjusted for health behaviour (alcohol consumption,smoking status), health status (BMI, Current medical treatment, 
limitation in higher-level functional capacity), social relationships (marital living status, frequency of meeting with friends/acquaintances), 
neighborhood environment (access to fresh fruit and vegetable market) 
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